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Summary
Introduction: Comminuted fractures of the proximal ulna are severe injuries often associated
with bone and ligament injuries of the elbow joint (Monteggia lesion, radial head fractures,
dislocation of the elbow). The treatment of these fractures is very demanding and the functional
results often fairly mediocre due to associated injuries. Based on a single-center retrospective
study, we report the results of the treatment of these fractures ﬁxed using a double-plate
technique. The aim was to evaluate the feasibility and reliability of this ﬁxation mode and to
compare it with other fractures series using a single plate ﬁxation (in terms of bone union,
elbow joint function, and complications stemming from the plates).
Patients and methods: Eighteen patients sustained a comminuted proximal ulna fracture
between 2002 and 2006. The fractures were associated in ﬁve cases with a Monteggia type
lesion, in two cases with elbow dislocation, and in four cases with a Mason 3 radial head frac-
ture. Four patients had an open fracture. These comminuted ulna fractures included nine Mayo
Clinic IIIB fractures. Bone ﬁxation was performed with two third-cylinder tubular plates, one
plate on each side of the proximal ulna. This allows more versatile solutions for screw inser-
tion. Functional assessment (according to Broberg and Morrey) and radiological evaluation (bone
healing) were provided at 6months and at the longest follow-up by an independent surgeon.
Results: Sixteen of 18 patients achieved bone union. No septic complications occurred and no
hardware removal was required on patient request. In 67% of the cases, the Morrey score
indicated excellent or good results with a mean score of 82.
Discussion: There are no reports in the literature on the technical point of ﬁxation concern-
ing complex fractures of the ulna. Two plates mean the possibility of twice the number of
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screw insertions for epiphyseal reconstruction . This ﬁxation remains easy to perform and
provides stable anatomic reconstruction of the ulna.
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Introduction
Fractures of the proximal ulna group olecranon fractures,
coronoid process fractures, and metaphyseal fractures.
The most complex fractures, often associating these three
fractures, are a formidable challenge for the surgeon.
They are often comminuted and associated with liga-
ment lesions, a fracture, and/or dislocation of the radial
head, the latter of which are vital in the stability of the
elbow.
The objective of surgery is ﬁrst to obtain bone union,
but also to restore a stable joint, articular congruence,
strength, and a satisfactory and painless arc of mobil-
ity.
Classical surgical treatment of these complex fractures
should include open plate osteosynthesis, which provides
better results than pinning and tension band plating [1—4].
Posterior or lateral screw and plate ﬁxation can pose place-
ment or stability problems. Many authors [5,6] advise against
use of a single lateral or medial plate in comminuted frac-
tures so as to prevent nonunion. A slight curve in the coronal
plane can require positioning the distal part of a long pos-
terior plate on the ulnar crest in a less stable position [6].
Two cadaver biomechanics studies have been conducted.
King et al. [5] found no difference between the posterior
and lateral positioning of the plate. Gordon et al. [7] found
greater stiffness with a posterior plate than with placement
of two plates only if an intramedullary screw was associated
with a posterior plate. However, they recognize that in cases
of substantial comminution, use of this intramedullary screw
limits the placement of posterior screws and the osteosyn-
thesis of certain fragments. Depending on its length, this
screw can be difﬁcult to align in the medullary canal because
the proximal extremity of the ulna has a slight valgus aspect
[8].
The problem with these fractures being ﬁxation of the
proximal olecranon and coronoid process, it seemed logical
to osteosynthesize these complex fractures with two plates
positioned on the medial and lateral sides of the ulna so as
to increase the number of screws [7] and to have bicortical
ﬁxation [5] of the proximal fragment.
The posterior plate removal reported in 20% of cases [9],
required because of postoperative discomfort and pain [5]
caused by the posterior plate, seemed to be resolved by
using two plates.
The objective of this study was to compare our results
with published series using a single plate.
Patients and methodsTwenty-four patients were operated between December
2002 and December 2006 for a proximal ulnar fracture plac-
ing two plates. These fractures were sometimes associated
with a fracture of the radial head and/or elbow dislocation.
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prospective study.
rights reserved.
Only 18 patients were seen again (six were lost to follow-
p) by a single surgeon with an AP and lateral X-ray of
he operated elbow and an AP image of the forearm. Nine
emales and nine males were thus included in this study.
Table 1 reports the pre- and postoperative data on these
8 patients.
The mean age was 56.3 years (range, 35—78 years) and
en patients had fractured their dominant upper limb.
Twelve had isolated elbow injury. Four were considered
o have multiple injuries and six presented another associ-
ted fracture. Three fractures were open Cauchoix 1 and one
auchoix 2. Two patients had paralysis of the radial nerve.
We used the Mayo Clinic classiﬁcation, which is based
n three variables: displacement, stability, and comminu-
ion (Table 2). This group presented two IIA, six IIB, one
IIA, and nine IIIB injuries. Eight fractures were meta-
hyseal and ten were metaphyseal-epiphyseal. Half the
atients had a radial head fracture (ﬁve partial and four
otal), three of which were dislocated posteriorly. In the
ine other patients with no fracture of the radial head,
e found one posterior dislocation of the radial head,
ne anterior dislocation of the radial head, two tran-
olecranon dislocations, and one posterior dislocation of
oth forearm bones. Eleven patients had a coronoid frac-
ure according to the Regan and Morrey classiﬁcation [10]
Table 3): one stage I, three stage II, and seven stage
II.
All the patients had emergency surgical treatment
he day of the injury (15 cases) or the next day (three
ases), under general anesthesia (15 cases) or locoregional
nesthesia (three cases), installed in the supine position
ith a pneumatic tourniquet. Using a posterior approach,
ompleted in one patient by an anterior approach for
steosynthesis of the coronoid process, the ulnar fracture
steosynthesis consisted of two plates (a lateral plate and
medial plate) (Fig. 1). These were two one-third tubular
lates in 15 cases and two 3.5-mm reconstruction plates in
he three other cases.
As for the associated radial head fractures, the ﬁve
artial fractures required non-surgical orthopaedic treat-
ent (two cases), fragment removal (two cases), or screw
steosynthesis (one case). The four total fractures required
steosynthesis (three cases) or resection of the radial head
one case).
Eight patients wore a simple scarf for a few days with
o immobilization and with rehabilitation initiated rapidly.
he ten other patients had circular cast immobilization
nine cases) or posterior orthosis (one case) for a mean
8 days (range, 2—6 weeks) before beginning rehabilita-
ion.
The results were evaluated using the Broberg and Morrey
unctional score [11], an elbow function score established
ased on the following criteria: mobility, strength, elbow
tability, and pain. The results were deemed excellent
95—100 points), good (80—94 points), fair (60—79 points), or
oor (less than 60 points).
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Table 1 Severity of lesions and postoperative data on the 18 patients.
Age Mayo stage Regan and Morrey
coronoid fracture
stage
Postoperative radial
head subluxation
Perfect joint
reduction
Complications Revision
1 71 IIIB 1 No Yes No
2 53 IIIB 2 No Yes No
3 73 IIB 3 No No No
4 58 IIIB No No Yes No
5 47 IIB 3 Yes Yes No
6 46 IIB 2 No No Elbow
dislocation
Coronoid
osteosynthesis
7 47 IIIB No No No No
8 56 IIB 3 Yes No Nonunion Posterior
plate and
coronoid
osteosyn-
thesis,
anterior
approach
9 78 IIIA No No No No
10 70 IIA No No Yes No
11 78 IIB 3 No No No
12 47 IIB 3 No Yes No
13 35 IIIB 3 No Yes No
14 58 IIIB 3 No Yes Nonunion Iliac graft
with two
plates and
radial head
implant
(RHI)
15 40 IIIB No No Yes No
16 47 IIA No No Yes No
17 55 IIIB 2 Yes Yes No Arthrolysis
and RHI
18 45 IIIB No No No No Arthrolysis
RHI: radial head implant.
Table 2 Mayo Clinic classiﬁcation of proximal ulna fractures.
A B
I Nondisplaced fracture, no comminution Nondisplaced fracture with comminution
II Stable displaced fracture, no comminution Stable displaced fracture with comminution
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tIII Unstable displaced fracture, no comminuti
The postoperative X-rays were reviewed to assess the
oint reduction and the absence of subluxation. The radio-
raphs taken at the time of revision made it possible to
valuate bone union, osteoarthritis, absence of synostosis
nd heterotopic ossiﬁcations.
Given the low number of patients included in the study,
he statistical test used was the Mann-Whitney nonpara-
etric test, testing the identity that makes no hypothesis
n the analytical distributions F1(x) and F2(x) of two pop-
lations, 1 and 2. It therefore tests the H0 hypothesis:
1 = F2.
a
T
s
sUnstable displaced fracture with comminution
esults
he mean follow-up at review was 30months (range,
—56months). Sixteen patients out of 18 (89%) showed union
fter the ﬁrst intervention within a mean 3.5months. The
wo patients who presented pseudoarthrosis showed union
fter surgical revision.
Table 4 reports the results of the series found at revision.
ables 5 and 6 compare these results with the results of other
eries in the literature for mobility (Table 5) and the function
core (Table 6).
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Figure 1 A 53-year-old female patient with a Monteggia Mayo
IIIB fracture associated with anterior dislocation of the radial
head. The last X-rays were taken at revision after principled
plate removal of the material.
Table 3 Classiﬁcation of coronoid process fractures
according to Regan and Morrey.
Stage 1 Fracture of coronoid tip
Stage 2 Fracture of one-third of coronoid
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Table 4 Data at revision of the 18 patients.
Follow-up (months) Flexion/extension lag Pronation/supin
1 36 140◦/−15◦ 90◦/90◦
2 39 140◦/−10◦ 90◦/90◦
3 48 140◦/−20◦ 90◦/90◦
4 27 120◦/−30◦ 90◦/60◦
5 14 130◦/−35◦ 80◦/10◦
6 18 110◦/−20◦ 90◦/40◦
7 18 100◦/−30◦ 90◦/70◦
8 48 110◦/−15◦ 90◦/90◦
9 13 140◦/−25◦ 70◦/60◦
10 48 140◦/0◦ 90◦/90◦
11 46 120◦/−25◦ 90◦/75◦
12 8 140◦/−5◦ 90◦/10◦
13 8 120◦/−20◦ 70◦/60◦
14 49 140◦/−10◦ 90◦/90◦
15 10 140◦/−15◦ 85◦/90◦
16 12 140◦/−10◦ 80◦/90◦
17 36 140◦/−10◦ 65◦/75◦
18 56 115◦/−20◦ 70◦/80◦
Table 5 Mobility found in our series and in different series repor
Flexion (◦) Extension lag (◦) F/
Doornberg et al. [12] 125 25 10
Teasdall et al. [13] 114 22 9
Bailey et al. [14] 128.5 8.5 12
Mortazavi et al. [15] 122 22 10
Platz et al. [16] 120 20 10
Kloen and Buijze [17] 132 18 11
Present series 129 17.5 11Stage 3 Fracture of the base with elbow instability
The mean ﬂexion was 129◦ (range, 90—140◦), extension
ag was 17.5◦ (range, 0—35◦) for a 111.5◦ arc of mobility
range, 70◦—140◦). Pronation was 84◦ (range, 65—90◦) and
upination was 70◦ (range, 10—90◦) for a 154◦ arc of mobility
range, 90—180◦).
The patients with immobilization had less mobility in the
exion—extension arc: 108—119◦ (p < 0.05) (pronosupination
rc; range, 152.5—156◦).
The mean Broberg and Morrey score was 82 (range,
3—99). According to the Broberg and Morrey classiﬁcation,
hese results were considered excellent in two cases, good
n ten, fair in four, and poor in two cases.
On the postoperative X-rays, seven joint reductions were
eemed incomplete and three radial heads dislocated. A sin-
le patient had both incomplete reduction and associated
adial head subluxation.
ation Broberg and Morrey score Pain Osteoarthritis
98 None No
85 Slight No
83 Slight Grade 1
83 None No
53 Moderate No
66 Slight No
73 Slight No
57 Severe Grade 1
89 None Grade 1
93 Slight No
78 Slight Grade 1
94 None No
78 Slight No
85 Slight Grade 1
91 Slight No
99 None No
85 Slight Grade 1
83 Slight No
ted in the literature.
E arc (◦) Pronation (◦) Supination (◦) P/S arc (◦)
0 65 65 130
2 58.4 61 119.5
0 76.7 67.2 143.9
0 75 83 158
0 70 70 140
4 75 75 150
1.5 84 70 154
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Table 6 Functional scores found in our series and in different series reported in the literature.
Broberg and Morrey score Excellent results Good results Fair results Poor results
Doornberg et al. [12] 83 9 12 1 4
Teasdall et al. [13] 80 4 13 4 3
Bailey et al. [14] 89 (score MEPI) 13 10 1 1
Mortazavi et al. [15] 88 2 5 1 0
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Present series 82 2
The Broberg and Morrey score was signiﬁcantly higher
p < 0.05) in patients who had immediate postoperative joint
eduction judged to be perfect and no radial head sublux-
tion (89.6 versus 74.1). This same score was signiﬁcantly
etter (p < 0.05) in patients with a type 0 or I coronoid frac-
ure than in patients with type II or III (88.6 versus 76.4). The
everity of the lesions did not inﬂuence this score because
n nine patients the Mayo III score was 85, whereas it was
8.5 in the nine Mayo II patients. There was no difference
n mobility found according to the Mayo grade.
No soft tissue complications were found. One patient pre-
ented an early osteosynthesis complication (dislocation of
he elbow due to insufﬁcient osteosynthesis of the coro-
oid process) with surgical revision for coronoid process
steosynthesis.
Five patients presented elbow stiffness (three in prono-
upination and two in ﬂexion/extension). Two patients
equired arthrolysis with removal of the two plates in one
nd placement of a radial head prosthesis in the other. Three
atients underwent removal of the material (two on princi-
le and one for discomfort, but this involved removal of a
osterior plate and revision for nonunion).
Two patients developed discrete heterotopic ossiﬁcations
ith no functional consequences (Broberg and Morrey score,
8 and 89).
No synostosis was found.
Six patients developed grade 1 osteoarthritis according
o the Broberg and Morrey classiﬁcation. These were four
f the seven patients who had joint reduction considered
ncomplete, one patient who had not undergone bone union
nitially, and one who had radial head subluxation post-
peratively, with these patients undergoing radial head
rthroplasty during surgical revision.
iscussion
his study has several shortcomings: the small number of
ubjects, the retrospective aspect, and the absence of a
omparison between this study and another group. It would
ndeed have been advantageous to compare our series of
atients treated with two plates with a series of patients
n our department treated by a single plate. Unfortunately,
he small number of patients treated with a single plate was
nsufﬁcient for a reliable comparison, and these single-plate
atients often had less complex fractures.
It is also difﬁcult to compare the present series to other
eries in the literature since these are often speciﬁc series
type II Monteggia, fracture dislocation, fracture of the
lna associated with a fracture of the radial head, etc.):
w
1
e4 4
10 4 2
he patients were not all treated with a single posterior
late.
one union rate
ur results (89% bone union) on a small series seem infe-
ior to others reported in the literature since despite the
omplexity of these fractures, nonunion was not frequent.
cKay and Katarincic [18] only report 1—5% pseudarthrosis in
lecranon fractures. Teasdall et al. [13] report 8% nonunion
n their series (two cases out of 24). In their series in which
mergency iliac grafting made up 20% of the series, Bailey
t al. [14] reported 100% bone union.
verall functional result
he results of our series seem satisfactory in terms of the
obility reported by various authors (Tables 5 and 6).
Doornberg et al. [12], in a series of elbow fracture
ssociated with dislocation, used 22 posterior plates in 26
atients: the mean ﬂexion was 125◦, the extension lag was
5◦, and supination and pronation were each 65◦.
Teasdall et al. [13] found higher mobility in their series in
atients with a radial head fracture associated with an ulna
racture (ﬂexion, 123◦; extension, −15◦; pronation, 66◦, and
upination, 70◦) compared to those with only an ulna frac-
ure (ﬂexion, 110◦; extension, −25◦; pronation, 55◦, and
upination, 57◦). We found no signiﬁcant difference between
hese two groups in our series.
Bailey et al. [14] report better results with a series of
ractures treated with a single posterior, sometimes lateral
late, with 128.5◦ ﬂexion, 8.5◦ extension lag, 76.7◦ prona-
ion and 67.2◦ supination.
In their series of fracture and dislocation of the ulna, Mor-
azavi et al. [15] provided osteosynthesis using a posterior
late in seven cases out of eight. They found 122◦ ﬂexion,
2◦ extension lag, 75◦ pronation, and 83◦ supination.
Studying the results of comminuted fractures of the prox-
mal ulna in 18 patients, Platz et al. [16] found 120◦ ﬂexion,
0◦ extension lag, and 70◦ pronation and supination.
The study conducted by Kloen and Buijze [17] reports the
esults of 26 patients, all of whom had undergone surgery
ith a dorsal plate for proximal ulna and olecranon frac-
ures.Morrey et al. [19] show that a stable and painless elbow
ith a prosupination ﬂexion—extension arc greater than
00◦ was compatible with normal function.
These same series report Broberg and Morrey scores
quivalent to those that we found (Table 6).
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Material-related discomfort
In the present series, no material was removed because
of discomfort; on the contrary, the only plate removed
for discomfort was a revision posterior plate. Accord-
ing to King [9] 20% of posterior plates require material
removal because of the pain caused by the prominence
of the plate. Mortazavi et al. [15] report three poste-
rior plate ablations in eight patients and Kloen and Buijze
[17] report ten ablations in 26 patients. It therefore seems
that provided that they are properly placed, double-plate
osteosynthesis causes less discomfort than a single posterior
plate.
Factors of poor results
This study conﬁrms the importance of good joint reduc-
tion with a better functional score and less progression
toward osteoarthritis. Doornberg et al. [12] found 10 cases
of post-traumatic osteoarthritis in 26 patients operated for
elbow fracture and dislocation. According to King [9], this
is more frequent if the fracture is associated with dis-
location, in cases in which the greater sigmoid cavity is
not restored or postoperative alignment of the elbow is
poor.
Eriksson et al. [20] state that persistence of displace-
ment exceeding 2mm at the greater sigmoid cavity has
a signiﬁcant incidence on the appearance of secondary
osteoarthritis. In our series, we found a lower Broberg
and Morrey score in cases in which the greater sigmoid
cavity was not restored or postoperative alignment of
the elbow was poor. Five of the six patients who devel-
oped osteoarthritis had poor joint restoration or poor
elbow alignment after surgery. On the other hand, Regan
and Morrey [10] found no correlation between radio-
graphic osteoarthritis and the indexed elbow performance
score.
Bailey et al. [14] believe that reduction is important
rather than the nonseverity of the initial injury. They found
no difference between Mayo II and Mayo III fractures, which
is conﬁrmed in our series since we found no signiﬁcant dif-
ference in mobility as reﬂected by the Broberg and Morrey
score in relation to the severity of the initial injury. Murphy
et al. [1] found that poor joint reduction greater than or
equal to 2mm is associated with a poor result. Restoration
of the joint cavity seems to be a better guarantee of a good
result, with the persistence of a gap not necessarily negative
[14,15].
We also showed that the results of these fractures were
related to the fracture of the coronoid process, with better
results in type 0 or 1 fractures, showing that good osteosyn-
thesis of the coronoid process is a major component of
osteosynthesis of these complex fractures. For Doornberg
et al. [12], the poor results are all related to inadequate
ﬁxation of the coronoid process. According to Regan and
Morrey [21], the results of a coronoid fracture are corre-
lated with the Mayo classiﬁcation. Dislocation of the elbow
and poor results are proportional to the size of the coronoid
fragment.
It is certain that proper ﬁxation of the coronoid apophysis
guarantees good joint reconstruction. Different techniques
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or this are described. Mortazavi et al. [15] ﬁx fractures of
he coronoid process using screws inserted into the poste-
ior plate. King [9] advised ﬁxation of the coronoid using
edial pins or screws before putting the posterior plate so
hat coronoid process reduction can be better visualized.
archessault and Dabezie [22] describe a posteromedial
pproach to treat coronoid process fractures associated with
proximal ulna fracture. This approach could provide bet-
er visibility and maintains the reduction, and also places
steosynthesis material using a direct anterior screw or a
osterior screw through the plate. Osteosynthesis with the
ope-down technique is not as good as direct osteosynthesis,
hich is why Bégué [23] also advises using a posteromedial
pproach with or without osteotomy of the medial epi-
ondyle for better control and direct osteosynthesis of the
oronoid process.
We found that placing a lateral plate and a medial plate
rovided good visibility of the reduction of the coronoid pro-
ess and made it possible to apply ﬁxation to this apophysis
sing two screws (one in each plate), providing the size of
he fragment is sufﬁcient. We used the association with an
nterior approach in one case, but like O’Driscoll [24], we
elieve that this approach can be difﬁcult because of the
nsertion of the brachial muscle approximately 11 mm from
he top of the coronoid process [25].
hich plate should be used, how many should be
laced, and where?
e have preferred using two one-third tubular plates. Ring
t al. [26] found one-third tubular plates too fragile and
ecommended a 3.5-mm dynamic compression plate. It is
lear that osteosynthesis using a single one-third tubular
late may not be sufﬁciently rigid, but we believe that
he use of two one-third tubular plates is sufﬁcient. These
lates are smaller than reconstruction plates are easily
wisted.
In a recent cadaver study, Buijze et al. [27] found no
iomechanical difference in terms of the osteosynthesis of
comminuted fracture of the olecranon using a one-third
ubular plate or a locking screw plate. The majority of
uthors therefore suggest a single posterior or lateral plate
nd we found no study using two plates.
In certain highly comminuted fractures, King [9] rec-
mmends adding a tension band to the posterior plate,
articularly when it is impossible to insert three cancel-
ous screws in the proximal fragment [14], which is often
steopenic in the metaphyseal zone [6].
The lower number of screws in a single plate is compen-
ated by the compression effect contributed by the posterior
late. Nevertheless, certain fractures presenting a medial
ragment and a lateral fragment are, in our opinion, better
uited to double-plate osteosynthesis.
Although Gordon et al. [7] suggest the possibility of
dding another lateral or medial plate to the posterior plate,
t is certain that two lateral and medial plates are less promi-
ent than a posterior plate [5,7]. Placing two plates also
bviates the need for incision and partial loosening of the
riceps, as is recommended in the placement of a poste-
ior plate [23]. This can avoid forearm discomfort when the
riceps is contracted.
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onclusion
omplex fractures of the proximal ulna require a com-
ination of different techniques whose objective is joint
econstruction as close to perfect as possible because this
eems to be the best guarantee of a good prognosis. The
ifﬁculty is osteosynthesis of the coronoid process and
estoration of the joint cavity. The simplicity of osteosyn-
hesis using two plates gives the operator time to come to
erms with other problems. Plate positioning considerably
educes the discomfort caused by the prominence of the
osterior plate, while increasing the number of screws for
table ﬁxation.
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